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Aspects of natural and artificial hybridization in Mesembryanthemaceae are discussed. Morphological and 
experimental evidence is used to trace the parent species of some natural hybrids. Natural hybridization is 
interpreted in evolutionary terms. The possibility that garden hybrids might invade the cultivated gene pool, 
thus endangering the continuity of some threatened species, is pointed out. 
Aspekte van natuurlike en kunsmatige hibridisering in Mesembryanthemaceae word bespreek. Morfologiese 
en eksperimentele bewyse is gebruik om die oorspronklike ouer-spesies van 'n aantal natuurlike hibriede op 
te spoor. Natuurlike hibridesering word in terme van evolusie ge·fnterpreteer. Die gevaar vir die voortbestaan 
van bedreigde spesies deur die indringing van tuinhibriede by 'n gekweekte genebank, is bespreek. 
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Introduction 
Only a few instances of natural or artificial hybridization 
have been recorded in the Mesembryanthemaceae . 
Despite the intense field research into the family during 
the last century, very few natural hybrids have hitherto 
been investigated. Similarly, few artificial hybrids have 
been recorded though the family has been widely culti-
vated in European greenhouses for the last two 
centuries. It is the object of the present paper to record 
some observations on intra- and intergeneric hybrids, 
both natural and artificial. 
Materials and Methods 
Natural hybrids were investigated during eight field trips 
through much of South Africa taken by the authors 
between 1980 and 1989. Specimens were collected for 
further study at the National Botanic Gardens, South 
Africa , and the University of Hamburg, Germany. 
Artificial hybridization experiments were undertaken 
over a period of 15 years with specimens either collected 
in the field or raised from field-collected seed . The 
collections were housed at Mesa Garden, New Mexico 
and , more recently, at the Karoo National Botanic 
Garden, Worcester. A complete program of crossing all 
species (± 1 500) in the Mesembryanthemaceae would 
be an enormous task; only species of particular syste-
matic interest were utilized (about 350 species in 1 200 
crosses). The experiments are still continuing, now 
comprising the F2 generations of the original crosses. In 
many cases the Fl generation only flowers about 5 years 
after the original cross has been made. 
Crossing experiments were, when possible , carried out 
between yellow- and pink-flowering specimens (see 
Figure 5), because preliminary experiments had shown 
that the resulting hybrids would invariably show orange 
to reddish petaloid staminodes and were therefore 
readily distinguished; vegetatively , hybridity is often 
'masked ' in the F) generation . Our own observations are 
indicated in parentheses, with the date and location (MG 
= Mesa Garden , KG = Karoo Garden). 
Natural intergeneric hybrids 
The best-known instance of natural hybridization in 
Mesembryanthemaceae occurs between Gibbaeum 
album N .E. Br. and Muiria hortenseae N .E . Br. The 
natural hybrid , Muirio-Gibbaeum muirioides Rowley 
was originally taken to be a species of Gibbaeum, but its 
hybrid origin was demonstrated by De Vos (1951) . The 
hybrid can easily be detected because of its abnormal 
size and vigour. It exhibits the combined characters of its 
parents , which are most obviously distinguished from 
each other by the degree of leaf fusion and length of 
indumentum. The observations of Glen (1974) suggest 
frequent introgression between the hybrids and Muiria 
horlenseae. Observations by the authors (1980, 1985 , 
1988) have shown that the hybrids have increased over 
the last decade and now comprise ca. 2% of the Muiria 
population. The earlier observations of Hall (1956,1958) 
suggested extreme rarity (Figure 3, Table 1) . 
Another case of hybridity has recently been observed 
between the closely related genera Lapidaria Schwantes 
and Lithops N .E. Br. In 1978 N. Sauer discovered an 
aberrant seedling among a population of Lapidaria 
margaretae Schwantes near Pofadder, Cape Province . 
The specimen was collected and further observed in 
cultivation . Rather than having the angled , multiple leaf 
pairs of Lapidaria , the plant had a single leaf pair , fused 
into a body and the epidermis was streaked with faint 
reddish markings in contrast to the invariably 
immaculate epidermis of Lapidaria. Unfortunately the 
plant died before its fruits could be observed, but the 
conclusion that the pollen parent was a species of 
Lithops was suggested by the markings and the high 
degree of leaf fusion , and also by the fact that Lapidaria 
margaretae occurs near or with three species of Lithops. 
Experiments (MG 1984-1989) suggest that Lithops julii 
(Dinter & Schwantes) N.E. Br. was the pollen parent, 
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since the other species which grow near the Lapidaria 
have failed to induce fruits. 
A third case was discovered by Deon Viljoen near 
Graaff-Reinet in 1986. He observed several plants which 
are hybrids between Faucaria paucidens N .E. Br. and a 
species of Rhombophyllum Schwantes. One specimen is 
now in cultivation at the Karoo Garden; it combines the 
dentate leaves of Faucaria with the shrubby habit of 
Rhombophyllum. The flowers are typical of Faucaria 
except that they are slightly pedicellate . 
Rowley (1980) reports another natural intergeneric 
hybrid, involving the genera Carpobrotus N .E. Br. and 
Disphyma N .E. Br. He proposes the name x Carpo-
phyma Rowley and states that the plants occur in 
Australia. 
Natural intrageneric hybrids 
These cases are the among the few documented 
occurrences of natural intergeneric hybrids in the family; 
intrageneric (interspecific) hybrids seem to be more 
frequent. Within the genus Gibbaeum N .E. Br., another 
natural hybrid has recently been observed. Seeds of G. 
pilosulum (N.E. Br.) N.E. Br. collected by M.B. Bayer 
near Touwsrivier were sown in 1983. Most seedlings 
(80%) had the typical pale green colour and the long 
epidermal papillae of G. pilosulum, the others had a 
deep green colour and a nearly smooth epidermis. After 
2 years the latter seedlings began to exhibit further 
peculiarities; their leaf fusion does not match that of G. 
pilosulum, in which the leaves are fused into a sphere. 
The body, rather than having the pulpy consistency of G. 
pilosulum, has the firmness associated with another 
Gibbaeum, G. gibbosum (Haw.) N.E . Br. That species 
was suspected to be the pollen parent; it occurs near G. 
pilosulum at the colony in question and its leaves are free 
for about half of their length (Figure 1). 
In the genus Conophytum N.E. Br., a single natural 
hybrid has been suspected, C. marnierianum Tischer & 
Jacobsen. Of this 'species' only a single plant was found 
by the coleopterist C. Koch, ca. 1948. He did not record 
the locality of the plant beyond 'Little Namaqualand ' . 
The bodies of C. marnierianum have the wedged shape 
associated with C. bilobum (Marloth) N .E. Br., but the 
epidermis is brownish in colour, rather than bright green 
as in C. bilobum, and the bodies are 'faceted' rather than 
smoothly contoured as in that species. The flowers tend 
to miss the fissure (the point of union of the leaves) 
rupturing the adjacent tissue instead, a characteristic 
observed in many artificial hybrids (Hammer 1988). The 
petals of C. marnierianum are bi-coloured, scarlet in the 
outer two-thirds, chrome yellow in the center. Such 
flowers have frequently been observed in various artifi-
cial hybrids between yellow and purple parents, never in 
natural species of Conophytum, which led to the specula-
tion that C. marnierianum was a hybrid. 
While the body shape and the size of the plant pointed 
towards C. bilobum as one parent, the 'facets' suggested 
C. ectypum N .E. Br., with its striate, irregularly angled, 
purple-brown epidermis. The first species has yellow 
flowers, the second, pink-purple flowers with a white 
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Figure 1 Leaves of: A: G. pilosulum (MBD 2980, S. 
Avondrust, Little Karoo). Note leaf fusion which results in a 
nearly globose shape. B: G. gibbosum (SB 649, Bloutoring, 
Little Karoo). The leaf pairs are connate for only their lower 
third. C: B. pilosulum x G. gibbosum - intermediate between 
the two species. 
centre. Furthermore, these species are sympatric at four 
known colonies in the vicinity of Steinkopf, where Koch 
often collected . Repeated searches in this area have 
finally yielded two specimens similar to Koch 's; the 
authors found single specimens at Eenriet and Ratel-
poort in 1989. Attempts to duplicate the cross artificially 
have also been successful. C. ectypum accepts pollen 
from C. bilobum , and the F J generation exhibits all 
characters of C. marnierianum (Figure 4). 
In 1989, the authors also found further natural 
hybrids: C. bilobum x C. violaciflorum Schick & Tischer 
at Springbok, and C. auriflorum Tischer x C. velutinum 
Schwantes at Komaggas. Again , these hybrids involve 
yellow- and purple-flowering species; the red-flowered 
hybrids were easily detected though rare, comprising 
< 1 % of the population. 
Artificial intergeneric hybrids 
During the long history of cultivation of Mesembry-
anthemaceae, many crosses between members of 
different genera have been attempted, usually at 
random, and some entirely accidental crosses have 
occurred (Brown 1929); however, a more systematic 
approach has only recently been undertaken. 
As early as 1931, Poindexter described a hybrid 
between Glottiphyllum linguiforme (L.) N .E. Br. and 
Delosperma pruinosum (Thunb.) Ingram [D. echinatum 
(Aiton) Schwantes], for which Rowley (1980) proposed 
the generic name x Delosphyllum Rowley. This hybrid is 
of interest because of the evident remoteness of its 
parents; the plant was bizarre and sterile and its re-
synthesis has so far eluded us. 
Rowley (1980) proposed the name x Gibbaeophyllum 
for a cross between Glottiphyllum and Gibbaeum . This 
hybrid has frequently been observed in cultivation and is 
notable for its enormous orange flowers. In the genus 
Gibbaeum, pink (or, rarely, the absence of pink, giving 
pure white) is the exclusive flower colour; in Glotti-
phyllum, yellow or its absence. Orange and red are 
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unknown in both genera, and its occurrence indicates 
hybridization between yellow- and pink-flowered 
parents. In its leaf characters, the hybrid is intermediate 
too, having the elongate, strap-like leaves of Glotti-
phyllum, and the fine epidermal papillae of numerous 
Gibbaeums. Gibbaeum and Glottiphyllum species are 
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frequently sympatric, but a natural hybrid has not yet 
been observed. The genera involved are apparently only 
remotely related. 
Kimnach (1980) describes and depicts a cross between 
Argyroderma N.E. Br. and Lithops, for which he 
proposes the name x Argyrops. The genera are only 
Figure 2 a, b: Seed of Pl. compactus ssp. can us (SB 805, Seekoegat , Prince Albert). Note the papillate surface and the thick wax 
layer. c, d: Seed of Tanquana hilmarii (PYB 2462, S. Laingsburg). Note the smooth surface without a wax cover. e, f: Seed of the 
hybrid T. hilmarii x Pl. compactus ssp. canus with size and surface characters intermediate between the parents . a: bar represents 
500 f..Lm; b, c, e: bar represents 50 f..Lm; d , f: bar represents 5 f..Lm. 
S.Afr.J. Bot., 1990, 56(3) 
distantly related, as the multilocular fruit with both 
closing bodies and covering membranes in Argyroderma, 
and the simple Delosperma-type fruit of Lithops, suggest . 
Unfortunate ly, the species involved in this cross are not 
traceable. The partially fenestrate apex of X Argyrops, 
and its pure yellow flower, suggest that one of the 
yellow-flowered, windowed species of Lithops was 
involved. A. delaetii Maass X L. divergens L. Bolus has 
produced viable seedlings (MG 1988) many of which 
exhibit fenestration. 
Lithops lesliei N .E. Br. X Dinteranthus vanzylii (L. 
Bolus) Schwantes has recently proved viable (MG 1987). 
In this case the cotyledons were of special interest 
because they exhibited characters of both parents; their 
size and shape was typical of L. lesliei, but the markedly 
domed epidermal cells suggested Dinteranthus (those of 
L. lesliei are flattened). In all our other intergeneric 
crosses, the cotyledons have exhibited only the charac-
ters of the female parent, evidence of hybridity emerging 
only with the first leaf pair. In the present case, the true 
leaves show the white opaque epidermis of the Dinter-
anthus, rather than the ruddy quasi -fenestrate epidermis 
of the Lithops . 
A cross between the recently separated genera 
Pleiospilos N.E. Br. and Tanquana H.E.K. Hartm. & 
Figure 3 Muirio-Gibbaeum muirioides (SB 1368, Springfon-
tein, Litt le Karoo). The seed was obtained from a fie ld-
collected Muiria capsule which contained 15% hybrid seed. 
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Liede , involving T. hilmarii (L. Bolus) H.E.K. Hartm. 
& Liede X P. compactus (Aiton) Schwantes subsp. canus 
(Haw) H.E.K. Hartm . & Liede, produced a capsule with 
viable seed (Figure 2), though the reciprocal cross failed 
(MG 1987) . The seedlings show a pronounced keel 
toward the leaf apex , a feature unknown in T. hilmarii 
proper. An irregular chlorophyll layer , a common 
characteristic of hybrids , is seen in 20% of the seedlings, 
and these are retarded in growth . The remaining 
seedlings are extremely vigorous , nearly 50% larger than 
seedlings of pure T. hilmarii sown at the same time. 
Similar plants have been noted in European collections; 
due to their vigour they have invaded the cultivated gene 
pool (own obs. 1986, 1989). 
Aloinopsis Schwantes , Nananthus N .E. Br. and 
Titanopsis Schwantes, all members of the 'Nananthinae' 
Schwantes , readily allow the production of inter- and 
intrageneric hybrids (MG 1985- 1988). Aloinopsis 
luckhoffii (L.Bolus) L. Bolus and T. primosii L. Bolus 
are perfectly interferti le (MG 1984), which fits our 
interpretation of A. luckhoffii as a Titanopsis . However, 
Nananthus transvaalensis (Rolfe) L. Bolus x Aloinopsis 
spathulata (Thunb.) L. Bolus produces weak seedlings 
with chlorophyll deficiencies, even though both species 
Figure 4 Conophytum X marnierianum , F2 generation. Note 
the wide variation in epidermal patterning. 
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Table 1 Natural and artificial intergeneric hybrids in Mesembryanthe-
maceae. A: Artificial hybrid, N: natural hybrid. The female parent is listed 
vertically 
I 2 3 4 5 6 
I. Aloinopsis 
2. Argyroderma 
3. Carpobrotus 
4. Conophytum 
5. Delosperma 
6. Dinteranthus 
7. Disphyma 
8. Faucaria 
9. Gibbaeum 
10. Glottiphyllum A 
11. Herreanthus A 
12. Lapidaria 
13. Lithops A A 
14. Muiria 
15. Mananthus A 
16. Ophthalmophyllum A 
17. Pleiospilos 
18. Rhombophyllum 
19. Tanquana 
20. Titanopsis A 
Figure 5 Argyroderma fissum , an unusual colour produced 
by crossing yellow with magenta. Figures 3-5 taken by John 
Trager. 
7 
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have the large flat seeds of the 'Nananthus group' (MG 
1987) . 
Within the 'Conophytinae ' Schwantes two successful 
crosses can be recorded. Herreanthus meyeri Schwantes 
X Conophytum regale Lavis has produced viable 
offspring (MG 1985). The seedlings grow very slowly , as 
do those of Herreanthus ; in their juvenile state they show 
the seedling morphology of the seed parent, with the 
papillate epidermis of the pollen-supplying parent. The 
reciprocal cross failed , although the floral and capsule 
structures of both species are similar. Ophthalmo-
phyllum maughanii (N .E. Br.) Schwantes x C. uvae-
forme (Haw.) N .E. Br. has produced very aberrant 
plants showing a strongly split character distribution 
(MG 1985) . Leaf pairs of the seed parent are translucent 
at the apex ; those of the pollen parent are opaque and 
maculate due to numerous tanniniferous idioblasts and 
reddish anthocyanin spots and streaks (Oeztig 1940), 
features unknown in Ophthalmophyllum . Half of the 
offspring manifest a highly translucent apex with or 
without anthocyanin spots. The remaining plants 
resemble the pollen parent , though growth is reduced 
and idioblasts are few. In floral structure, the plants are 
intermediate between their parents . 
Artificial intrageneric hybrids 
Several intrageneric hybrids have been recorded from 
cultivation , mainly between species whose areas are 
geographically separated and presumably lack hybridi-
zation barriers partially or completely. Some of these 
hybrids have come to dominate collections and in some 
cases threaten the continuity of the gene pool of the 
S.Afr.l. Bot., 1990, 56(3) 
original species , e .g. hybrids between Pleiospilos bolusii 
(Hook. fil.) N.E. Br., P. simulans (Marloth) N .E . Br. , 
and the different subspecies of P. compactus (HAW.) 
Schwantes. These hinder the continuity in cultivation of 
P. simulans , a species already threatened in the wild 
(Hartmann & Liede 1986). In the genera Faucaria 
Schwantes and Glottiphyllum , horticultural hybrids are 
so numerous and so fertile that they have almost 
completely dominated the true species in botanic 
gardens and private collections . 
In the genus Lithops, hybridization within the 
'Leucolithops' and within the 'Xantholithops' is often 
successful, e.g. L. pseudotruncatella (Berger) N.E . Br. 
ssp. dentritica (Nel) Cole x L. gesineae De Boer var. 
annae (De Boer) Cole (both 'Xantholithops' ) (MG 
1978). However, there are some barriers within the 
'subgenera ' ; Swuste (1931) reports a cross between L. 
terricolor N .E. Br. x L. lesliei, both members of the 
'Xantholithops' , yielding only one viable plant out of 170 
seedlings. Cole (1975) reports a single case of 'Leucoli-
thops' x 'Xantholithops' : L. schwantesii Dinter x L. 
karasmontana ssp. bella (N.E. Br.) Cole, but he notes 
the difficulty of producing such hybrids , even under the 
most favourable artificial conditions (Cole 1988). 
Crosses between Psammophora nissenii Dinter & 
Schwantes and P. longifolia L. Bolus gave a result which 
surprised the authors. Fruit formation was normal and 
seeds were perfectly formed ; but all the seedlings were 
unable to synthesize chlorophyll and died within a few 
weeks. The species involved are so closely related that 
they probably represent opposite ends of a cline, and we 
had expected healthy seedlings . 
The most numerous crosses have been attempted in 
the genus Conophytum , as part of ongoing research into 
sectional barriers within the genus. These crosses will be 
the subject of a separate paper; but to summarize the 
results, within most of the sections there are no internal 
barriers. This is even the case with species with differing 
chromosome numbers, e.g. C. wettsteinii (Berger) N.E. 
Br. (2n = 18) x C. flavum N.E. Br. (2n = 36) (KG 
1986) . Between the 'night-flowering' and 'day-flowering' 
sections all crosses (125 to date) have been unsuccessful. 
In other cases e.g. sect. Biloba N.E. Br. and sect. 
Verrucosa Tischer ex Hammer , crosses are partially 
successful , as demonstrated by the 'artificial ' C. 
marnierianum mentioned above. 
Discussion and Conclusions 
The family Mesembryanthemaceae is ideally suited for 
hybridization studies since self-fertility occurs only in a 
few of its members (Schwantes 1957). During the 
present study it became clear, however, that several 
cases of self-fertility have to date been unrecorded, e.g . 
in some species of Delosperma N.E . Br., two species of 
Cheiridopsis N.E. Br., one species of Conophytum N.E. 
Br. and both species of Diplosoma Schwantes . 
Given the numerous cases of artificial hybridization, 
the general absence of hybrids under natural conditions 
requires some explanation. Some of the hybrids possible 
under artificial conditions are so delicate that they could 
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hardly survive in nature, but some are extremely 
vigorous . In many cases , the species involved are 
effectively isolated by time barriers. Most Mesembryan-
themaceae exhibit a high degree of synchronized 
flowering within a given population. This increases the 
probability that a given flower will receive a large 
amount of pollen of its own species so early that 
incidental foreign pollen (which will most probably need 
more time to reach the ovules) cannot compete 
successfully. 
Especially in the genus Conophytum, the sympatric 
occurrence of up to seven species in habitat , along with 
their demonstrated interfertility in cultivation, poses the 
question why natural hybrids are encountered so infre-
quently. Recent research into phenological patterns and 
pollination biololgy (Liede et al. in press) has resulted in 
the clarification of the barriers between a number of 
species, but some barriers remain obscure. 
The complete interfertility demonstrated between 
species within most of the sections of Conophytum (or in 
e .g. Nananthus , though subgeneric arrangements in this 
genus have not been formally published) could certainly 
be used as evidence that 'section ' actually indicates a 
species, regarded conservatively. The ease with which 
generic boundaries can be overcome (as shown with 
recent experiments between Cheiridopsis N .E. Br. and 
Odontophorus N.E. Br.) might suggest that some 
'genera' are actually subgenera, and would also indicate 
the relatively recent development of these groups, 
however their taxonomy might be construed . However , 
the fact that undeniably discrete genera can be 
hybridized suggests that caution should be used when 
interpreting the results. 
It is suspecte-d that in some cases far-distant hybridi-
zation events might have given rise to present day 
species (Erepsia, Liede in press) . There is no reason to 
conclude that this process has yet been terminated 
[Erepsia bracteata (Aiton) Schwantes - E. racemosa L. 
Bolus], but the opposite phenomenon, the breakdown of 
discrete species [e.g. Conophytum obcordellum (Haw.) 
N.E. Br. and C. uvaeforme (Haw.) N.E. Br.], also seems 
to occur. 
During the study it became obvious that in the 
reaction of the flower to a pollen donor, different 
degrees of acceptance can be distinguished. In some 
cases the flower dies off without even a swelling of the 
gynoecium [Pleiospilos compactus subsp. fergusoniae (L. 
Bolus) H.E.K. Hartm. & Liede x Lithops meyeri 
L.Bolus, MG 1986]; in others unusually small, empty 
fruits are formed (Lithops marmorata N.E. Br. x Dinter-
anthus vanzylii, MG 1985). A lesser degree of incompat-
ibility expresses itself in the formation of distorted , non-
viable seed (Conophytum ernianum Loesch & Tischer x 
C. bicarinatum L. Bolus, MG 1982) or in seemingly 
'normal' seed that , however, lacks the capacity to 
germinate [Lithops julii (Dinter & Schwantes) N .E. Br. 
x L. karasmontana, MG 1980]. In some cases, 
germination is normal in speed and percentage , but the 
seedlings lack chlorophyll and therefore are not viable 
beyond the cotyledon stage [Conophytum breve N.E. Br. 
x C. obcordellum, MG 1987]. 
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Other crosses yield chlorophyll-containing seedlings, 
but these show pathetic growth and are viable, if at all, 
only under special conditions [Ophthalmophyllum 
friedrichiae (Dinter) Dinter & Schwantes X Tanquana 
hilmarii, KG 1986]. In the successful cases viable plants 
reach maturity and either the characters are interme-
diate between those of their parents (Conophytum x 
Ophthalmophyllum, mentioned above), or those of the 
female parent dominate (Tanquana x Pleiospilos) , 
rarely those of the pollen-parent (Gibbaeum pilosulum x 
G. gibbosum). In some cases (the" subspecies of Dinter-
anthus mentioned above) hybrids can be interferti le and 
produce viable offspring. Therefore the different 
degrees of ability to form a viable hybrid as well as the 
success of reciprocal crosses can be used as an additional 
key to the relations between species as well as genera in 
the complex family Mesembryanthemaceae. 
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